Gene expression patterns in normal and v-myc-transformed quail embryo ®broblasts were compared by mRNA dierential display. Displaying approximately 2500 mRNA species by reverse transcription/PCR, reampli®cation of 73 dierential cDNA fragments and rescreening by Northern analysis led to the isolation of a clone, termed CO6, that hybridized to an mRNA species present only in the normal but not in the transformed ®broblasts. Further analyses revealed that the 0.95-kb CO6 mRNA was present in all normal quail and chicken embryo ®broblasts tested, but that it was undetectable in a variety of established quail cell lines transformed by the v-myc, v-myc/v-mil, v-jun/junD or v-src oncogenes or by a chemical carcinogen. Furthermore, CO6 mRNA was not detectable in ®broblasts newly transformed by retroviral constructs carrying v-myc or v-jun alleles or by the avian sarcoma virus ASV17. In ®broblasts transformed by a temperature-sensitive v-src mutant, expression of CO6 was strongly induced at the non-permissive temperature and reduced at the permissive temperature. Nucleotide sequence analysis of quail CO6 cDNA indicated that the corresponding gene encodes a 200-amino acid protein with 46 to 48% amino acid sequence identity to the regulatory b subunits (K VCa b) of the bovine, human and canine high conductance Ca 2+ -activated K + channels. No sequence homology to other ion channel subunits or to any other proteins in the databases was found. Like the K VCa b subunits, the CO6 protein contains two putative transmembrane segments. Based on the relationship to mammalian K VCa b both in primary structure and domain topology, the CO6 protein may represent the regulatory subunit of a yet unidenti®ed avian Ca
Introduction
Oncogene or tumor suppressor gene protein products are essential components of cellular signal transduction pathways including transcriptional regulators, and cell transformation by activated oncogenes or inactivated tumor suppressor genes presumably involves speci®c changes in gene expression patterns.
The genes ®nally aected by these pathways and their involvement in the pleiotropic changes in cancer cells are largely unknown. The protein product (Myc) of the myc oncogene (Bister and Jansen, 1986 ) is an example of a transcription factor with oncogenic potential. Structural and functional analyses have revealed that Myc is a sequence-speci®c DNA binding protein (Blackwell et al., 1990; Kerkho et al., 1991; that speci®cally interacts with the heterologous protein Max to form a heterodimeric transcription factor complex (Blackwood and Eisenman, 1991; . Several genes whose expression is induced by Myc have been identi®ed (Eilers et al., 1991; BelloFernandez et al., 1993; Desbarats et al., 1996) , including genes involved in cell cycle control (Daksis et al., 1994; Galaktionov et al., 1996) . However, the demonstration that such genes are direct mediators of the oncogenic potential of Myc and that their transcriptional activation is a necessary or even sucient event in cell transformation is still missing. Indeed, there is increasing evidence that single oncogene or tumor suppressor gene protein products aect the expression of several genes involved both in cell cycle control and cellular metabolism (Nasmyth, 1996) . Furthermore, in the case of Myc, the range of potential target genes has been substantially widened by the discovery that Myc aects the function of other transcription factors (Mink et al., 1996) .
The analysis of dierential gene expression patterns in cells transformed by the oncogenic transcription factors Myc or Jun by cDNA subtraction techniques has led to the discovery of a novel transcriptional target for Jun (BKJ) whose expression is speci®cally activated in jun-transformed avian ®broblasts and of a gene (CSRP2) encoding a novel LIM domain protein whose expression is suppressed in avian ®broblasts transformed by myc or other oncogenes Weiskirchen et al., 1995) and in mammalian smooth muscle cells in response to mitogenic stimulation (Jain et al., 1996) . Here we have used the dierential display approach (Liang and Pardee, 1992) employing reverse transcription of mRNA and ampli®cation of cDNA by the polymerase chain reaction (PCR) to isolate genes whose expression is either elevated or suppressed in a quail embryo ®broblast line transformed by the v-myc oncogene of avian retrovirus MC29. One of the isolated clones corresponds to a gene which is expressed in normal quail and chicken embryo ®broblasts, but strongly suppressed in all transformed avian ®broblasts tested. The gene, termed CO6, encodes a putative membrane protein that has signi®cant sequence similarities to the recently identi-®ed regulatory b subunits of mammalian high conductance Ca 2+ -activated potassium (maxi-K) channels (Knaus et al., 1994a; Meera et al., 1996) . Potassium channels form a large family of ubiquitous membrane proteins that ful®l important functions both in excitable and non-excitable cells (Pongs et al., 1988; Pongs, 1992; Butler et al., 1993) . Intriguingly, based on electrophysiological analyses, Ca 2+ -activated potassium channels have been implicated in cell volume regulation and proliferation control of non-excitable cells (Repp et al., 1993; Huang and Rane, 1994; Knaus et al., 1994b) . No avian potassium channel component has been molecularly characterized so far. Hence, CO6 may represent the b subunit of a yet unidenti®ed avian high conductance Ca 2+ -activated potassium channel or a related membrane protein possibly involved in cellular growth control.
Results

Isolation and nucleotide sequence analysis of quail CO6 cDNA
In order to study the biochemical changes in cells transformed by the myc oncogene, in particular changes in gene expression, we developed a differential display strategy to screen for genes whose expression is either elevated or suppressed in v-myctransformed avian ®broblasts. Two independent total RNA extracts were prepared both from normal secondary quail embryo ®broblasts (QEF) and from a permanent line (Q8) of QEF transformed by the vmyc oncogene of avian acute leukemia virus MC29 (Bister et al., 1977) . Poly(A) + RNA was isolated from the four RNA preparations and dierential display reverse transcription/PCR was carried out in duplicate for each sample. The reproducibility of the banding patterns of PCR fragments obtained from duplicate RNA samples were approximately 95% and up to 90% for samples originating from dierent RNA isolations of the same cell type. Of the 21 primer combinations tested, 17 yielded banding patterns with approximately 100 to 200 discrete bands and four (all with 5'-T 12 MT-3' as the anchored primer) produced ®ve to 50 discrete bands. In total, approximately 2500 mRNA species were displayed. Approximately 3% of the displayed bands ranging in size from 50 to 750 nt appeared in dierent amounts in the PCR samples derived from the two cell types and hence could possibly represent partial cDNAs of genes differentially expressed in normal versus transformed cells. Reampli®cation of these DNA fragments and screening by dot blot and Northern analyses reduced the number of potential candidates to three cDNA fragments that were cloned in the pGEM-T vector. The isolation of cDNA clone CO6 showing one of the most prominent and highly reproducible dierential banding patterns of all mRNAs displayed with the primer combinations used is shown in Figure 1 . On the dierential display gel, a prominent 742-nt DNA fragment was only observed in the samples derived from mRNA preparations of the normal ®broblasts ( Figure 1a ). Using the excised and reampli®ed 742-bp PCR fragment directly as a hybridization probe, a Northern analysis revealed that the CO6 cDNA clone corresponds to a polyadenylated mRNA of approximately 0.95 kb that is present in the normal ®broblasts but undetectable in the transformed cell line. Equal loading and quality of RNAs in the Northern analyses were veri®ed by hybridization with a quail GAPDH probe (Figure 1b) .
The 742-bp PCR fragment was cloned into the pGEM-T vector in both orientations yielding clones CO6/a and CO6/b and its nucleotide sequence was determined. An internal 416-bp SphI/StuI subfragment was then used as a hybridization probe to isolate ®ve cDNA clones, CO6/c-g, from a QEF cDNA library. The schematic structure of CO6 cDNA and the complete nucleotide sequence of the longest clone, CO6/g, are shown in Figure 2a and b, respectively. The initiation codon, the termination codon and the polyadenylation signal underlined in the nucleotide sequence shown in Figure 2b were present in all ®ve cDNA clones and in the original 742-bp PCR fragment. As expected from the usage of the anchored 5'-T 12 MC-3' primer in the dierential display yielding CO6, the PCR fragment and CO6 cDNA share identical 3' ends. The sequence at the 5' 
Structure of the quail CO6 protein
The open reading frame in the nucleotide sequence of CO6 cDNA predicts a protein product of 200 amino acids ( Figure 2b ) with a calculated M r of 22677 and an estimated isoelectric point of 8.47. The initiation codon is preceded by two in-frame termination codons and presumably represents the true translational start point. At amino acid sequence position 70, clone CO6/g encodes a serine, whereas the other four cDNA clones predict a glycine. At position 134, clones CO6/e and CO6/f encode an asparagine, all other clones predict a serine. In the CO6 amino acid sequence, a consensus site for N-linked glycosylation (Marshall, 1972 ) is located at position 89 and one for phosphorylation by cAMPdependent protein kinase (Krebs and Beavo, 1979) at position 15. Determination of the hydropathic index pro®le (Kyte and Doolittle, 1982) of the predicted CO6 protein and a search in its sequence for transmembrane helices (Rao and Argos, 1986) indicated the presence of two strongly hydrophobic putative transmembrane segments at amino acid positions 17 to 40 and 165 to 187 ( Figure 3a ). Using the BLASTN program (Altschul et al., 1990 ) of the National Centre for Biotechnology Information (NCBI), no sequences with signi®cant similarities to the CO6 cDNA sequence were found in the nucleotide sequence databases. However, using the BLASTX algorithm (Altschul et al., 1990; Gish and States, 1993) to search the database translations, three closely related -activated potassium channels. Amino acid residues conserved in all three sequences are indicated by asterisks. The two transmembrane segments present at equivalent positions in each of the three aligned sequences are highlighted in black mammalian protein sequences were found that produced high scores of similarity to the deduced amino acid sequence of the CO6 protein: the bovine (Knaus et al., 1994a) , human (Meera et al., 1996) and canine (F Vogalis, unpublished data; accession no. U41002) b subunits (K VCa b) of high conductance Ca 2+ -activated K + channels. No sequence homology to other ion channel subunits or to any other proteins in the databases was found. An alignment of the quail CO6 amino acid sequence with the two published K VCa b sequences is shown in Figure 3b . For optimal alignment of the 200-amino acid CO6 protein with the 191-amino acid mammalian proteins, three gaps were introduced in the avian sequence. In pairwise alignments, the CO6 protein shares 46.6% (48.2%, 47.6%) identical and 17.3% (17.3%, 16.2%) chemically similar amino acid residues with the bovine (human, canine) K VCa b proteins. The three mammalian proteins share 84.8 to 90.1% identical and 6.3 to 7.3% similar residues in pairwise alignments. Signi®cantly, analyses of the CO6 and the K VCa b amino acid sequences by the method of Rao and Argos (1986) revealed the presence of two putative transmembrane segments at precisely equivalent positions in the aligned sequences (Figure 3b ). The putative sites for phosphorylation by cAMP-dependent protein kinase or for Nlinked glycosylation (see above) are conserved between the avian and mammalian proteins.
Based on the structural features predicted by the CO6 amino acid sequence, the membrane topology of the CO6 protein presumably resembles that proposed for the bovine K VCa b potassium channel subunit (Knaus et al., 1994a,b) with short intracellular Nand C-terminal domains and a large extracellular domain located between the two transmembrane segments. Assuming this arrangement, the putative sites for phosphorylation by cAMP-dependent protein kinase and for N-linked glycosylation (see above) would be located on the cytoplasmic and the extracellular domains of CO6, respectively. In summary, we conclude, that CO6 is either the avian homolog of mammalian K VCa b representing the regulatory component of an avian high conductance Ca 2+ -activated K + channel not yet isolated, or a new membrane protein structurally and possibly functionally related to ion channel regulatory subunits.
Expression of CO6 in non-transformed and transformed avian ®broblasts
The isolation of CO6 cDNA was based on the suppression of CO6 expression in the established vmyc-transformed QEF line Q8 (Figure 1 ). To determine whether the observed suppression was speci®c for this particular cell line, or speci®c for Figure 2 ) and the autoradiographs were exposed for 74 h using an intensifying screen. The ®lter in (b) was then reprobed with 32 P-labeled DNA (5.5610 7 c.p.m.) from the 1171-bp insert fragment of a quail osteopontin cDNA clone (7.5-h exposure). All three ®lters were then reprobed with 32 P-labeled DNA (3.8610 7 c.p.m.) from the 1213-bp insert fragment of a quail GAPDH cDNA clone (4-h exposure). The positions of rRNAs are indicated in the margin cells transformed by the myc oncogene, or speci®c for the transformed phenotype of ®broblasts in general, CO6 expression was analysed in several long-term QEF lines (CMII-C1, OK10, MH2-A10, R(7)3, VCD, QT6) transformed by various retroviral oncogenes (v-myc, v-myc/v-mil, v-src, v-jun/junD) or by the chemical carcinogen methylcholanthrene. Like in Q8 (Figure 1b) , CO6 mRNA was not detectable by Northern analysis in any of the established transformed cell lines tested (data not shown). In order to rule out that suppression of CO6 expression occurs only during establishment of long-term lines of transformed ®broblasts, we analysed its expression in individual clones of newly transformed cells and in a conditional cell transformation system. In cell cultures derived independently from individual foci of newly transformed QEF generated by transfection with proviral DNA of the RCAS-Myc vector construct, no CO6 mRNA was detected (Figure 4a ). The suppression of CO6 expression in transformed cell cultures is apparently not dependent on cell-cell contacts, since CO6 mRNA was undetectable in cells grown both at very low and at very high cell densities (Figure 4a ). Control experiments showed that CO6 mRNA is expressed at equal levels in normal QEF grown to low or high cell densities (data not shown).
In QEF transformed by transfection with proviral DNA from the Rous sarcoma virus temperaturesensitive mutant tsLA29, expression of CO6 was strongly induced upon shift of the cells from the permissive to the non-permissive temperature and strongly reduced again upon shift from the nonpermissive to the permissive temperature (Figure 4b) . Thus, suppression of CO6 expression correlates with the morphologically transformed phenotype of the cells at the permissive temperature. As a molecular control for the temperature-dependent switch between the normal and transformed phenotype of the tsLA29-transfected cells, the same blot was also probed with a quail osteopontin cDNA clone isolated in a dierential screen for mRNAs overexpressed in the v-myc/v-miltransformed cell line MH2-A10 (MH and KB, unpublished data). The expression of the osteopontin gene, encoding an extracellular phosphoprotein with a variety of attributed functions including metastatic potential (Weber et al., 1996) , is strongly induced in transformed ®broblasts and, accordingly, the expression pattern in the shift experiments is inverse to that of CO6 (Figure 4b ).
To determine whether ®broblasts from other avian species express a gene homologous to CO6 that shows transformation-dependent suppression, RNAs from normal secondary or tertiary chicken embryo fibroblasts (CEF) and from CEF newly transformed with ASV17 or with two dierent retroviral constructs carrying jun oncogenes, RCAS-VCD and RCAS-VJ1, were analysed by Northern analysis using quail CO6 cDNA as a hybridization probe. Normal CEF contained a single mRNA species that hybridized with the CO6-speci®c probe and had a size identical to that of the 0.95-kb quail CO6 mRNA (Figure 4c ). The expression of the apparent chicken CO6 homolog in normal CEF, as detected by hybridization with the quail probe, was lower than that of quail CO6 in normal QEF. Like transformed QEF, transformed CEF contained no detectable levels of CO6 mRNA (Figure 4c ). In summary, suppression of CO6 expression is observed in all transformed avian ®broblasts tested, it is not dependent on a speci®c transforming agent or on cell density, it is not restricted to established lines of transformed cells but correlates with new individual transforming events and with the transformed phenotype in a conditional transformation system.
Discussion
The enhanced proliferation of tumor cells cannot be explained solely by mutational events leading to a deregulation of factors, like cyclins, controlling the chromosome cycle, but it is also dependent on a concurrent or preceding eect of these mutations on cellular biosynthesis and volume control (Nasmyth, 1996; Doonan and Hunt, 1996) . The most striking support for this notion comes from the recent demonstration that the retinoblastoma tumor suppressor protein Rb, so far believed to inhibit proliferation by the silencing of factors like E2F that promote the chromosome cycle, also functions as a general repressor of transcription by RNA polymerase III and hence of protein biosynthesis and may indeed negatively regulate all three classes of nuclear RNA polymerases (White et al., 1996) . Similarly, there is increasing evidence that the Myc protein, implicated in fundamental cellular processes like proliferation, dierentiation and apoptosis, aects the expression of other genes by multiple mechanisms including the repression of other transcription factors like C/EBP on the level of protein function (Mink et al., 1996) . Hence, cell transformation by activation of oncogenes or inactivation of tumor suppressor genes is apparently mediated by changes in the expression of multiple genes involved not only in the direct control of cell cycle progression but also in cellular metabolism.
By analysing changes in gene expression patterns in v-myc-transformed avian ®broblasts by the dierential display approach described here, genes belonging to any one of three classes could possibly be isolated: (i) genes whose expression is changed due to a mutational event in the particular cell line studied, (ii) genes speci®cally activated or suppressed in v-myc-induced cell transformation, or (iii) genes whose altered expression is principally linked to the transformed phenotype of cells. The quail CO6 gene described here appears to belong to the third category, since it is expressed in normal quail or chicken embyro fibroblasts, but strongly suppressed in all transformed avian ®broblasts tested, including cells transformed by the vmyc, v-myc/v-mil, v-src or v-jun retroviral oncogenes or by the chemical carcinogen methylcholanthrene. Signi®cantly, the results clearly indicate that the observed suppression of CO6 gene expression is not restricted to a particular transformed cell line or to established lines in general, but that it is directly linked to the initiation and maintenance of the transformed phenotype of newly or conditionally transformed avian ®broblasts. A similar correlation between suppression of gene expression and cell transformation was previously reported for the CSRP2 gene encoding the LIM domain protein CRP2 . The CSRP2 gene, originally isolated on the basis of its suppression in all transformed avian ®broblasts tested , belongs to a new class of genes encoding the CRP family of LIM domain proteins with putative functions in cellular growth control and dierentiation (Weiskirchen et al., 1995) , and the mammalian CSRP2 homolog was recently shown to be involved in smooth muscle cell differentiation and to be speci®cally suppressed upon mitogenic stimulation of these cells (Jain et al., 1996) . The identi®cation of genes whose expression is activated or suppressed in avian ®broblasts transformed by structurally and functionally unrelated oncogenic determinants indicates that the biochemical pathways leading to cell transformation by these agents may be partially overlapping. For two of the oncogenes used here, myc and src, participation in overlapping signal transduction pathways has indeed been inferred from the rescue by Myc of a PDGF signalling block caused by dominant negative src mutants (Barone and Courtneidge, 1995) .
The predicted protein product of the CO6 gene is structurally related to the recently identi®ed regulatory b subunits (K VCa b) of mammalian high conductance Ca 2+ -activated potassium (maxi-K) channels (Knaus et al., 1994a; Meera et al., 1996) . Since no avian potassium channel components have been molecularly characterized so far, the 46 to 48% sequence identity between the avian CO6 protein and the mammalian maxi-K channel subunits suggests that CO6 may be the avian homolog of K VCa b. A further strong indication for a structural and functional relationship between the apparent membrane proteins CO6 and K VCa b is inferred from their identical domain topology. Alternatively, CO6 may be a regulatory component of a dierent type of potassium channel. Potassium channels form a diverse family of proteins that ful®l important physiological functions both in excitable and non-excitable cells. Depending on the mode of activation, they can be grouped into the two principal classes of voltage-gated and ligand-gated potassium channels (Pongs, 1992; Butler et al., 1993) . Some channels show overlapping characteristics, like the maxi-K channels that are modulated both by voltage and Ca 2+ (Butler et al., 1993; Knaus et al., 1994b) . Activation or modulation of potassium channels have been linked to mitogenesis and cell transformation (DeCoursey et al., 1984; Price et al., 1989; Repp et al., 1993; Huang and Rane, 1994) and to cell cycle control (Day et al., 1993) . Potassium channels are large heterooligomeric protein complexes composed of pore-forming a subunits and regulatory b subunits (Pongs et al., 1988; Butler et al., 1993; Scott et al., 1994; Knaus et al., 1994a,c) . The a subunits are sucient to form functional ion channels, but their properties, like inactivation or voltage and ligand sensitivities, are strongly in¯uenced by the presence of the b subunits (Butler et al., 1993; Rettig et al., 1994; Meera et al., 1996) . For example, mammalian maxi-K channels are absolutely dependent on Ca 2+ at physiological voltages and both their calcium and voltage sensitivities are increased by a functional coupling between their a and b subunits (Butler et al., 1993; Meera et al., 1996) . Intriguingly, profound changes in potassium channel properties including a decrease in calcium and voltage sensitivities were recorded by patch-clamp analyses of the membrane currents in chicken or murine ®broblasts transformed by src or ras oncogenes (Repp et al., 1993; Draheim et al., 1994; Huang and Rane, 1994) . To assess the possible role of CO6 in cellular proliferation control, it will be important to de®ne the biochemical function of the CO6 membrane protein, to isolate associated proteins possibly corresponding to avian ion channel a subunits and to elucidate the molecular mechanisms by which the expression of the CO6 gene is suppressed in transformed cells.
Materials and methods
Cells and viruses
Fertile Japanese quail (Coturnix japonica) or chicken eggs were obtained from Hagn Ge¯uÈ gel (Andorf, Austria). Primary quail or chicken embryo ®broblasts (QEF, CEF) were prepared according to a published procedure (Vogt, 1969) . The established QEF nonproducer line Q8, transformed by the v-myc oncogene of avian retrovirus MC29, has been described (Bister et al., 1977) . The origins of further long-term QEF lines [CMII-C1, OK10, MH2-A10, R(7)3, VCD, QT6] transformed by various retroviral oncogenes (v-myc, v-myc/v-mil, v-src, v-jun/junD) or by the chemical carcinogen methylcholanthrene have been documented in previous reports (Bister et al., 1977; . The retroviral vector RCAS (Hughes et al., 1987) and the transforming retroviral contructs RCAS-VJ1 specifying a v-Jun protein, RCAS-VCD encoding a chimeric v-Jun/ JunD protein and RCAS-Myc specifying a v-Myc protein have been described previously . The Rous sarcoma virus mutant tsLA29 encoding a temperature-sensitive v-Src protein (Welham and Wyke, 1988) was provided by John A Wyke (The Beatson Institute for Cancer Research, Glasgow, Scotland). CEF transformed by the v-jun-carrying avian retrovirus ASV17 (Maki et al., 1987) were obtained from Peter K Vogt (The Scripps Research Institute, La Jolla, California).
Transfection of secondary avian ®broblasts with proviral DNA of retroviral constructs using the calcium phosphate procedure was done as described . Transformation events were monitored in a focus assay (Vogt, 1969) . Individual foci of transformed cells were isolated for the development of cloned cell lines or, alternatively, cell monolayers containing numerous foci were trypsinized and propagated into mass culture of transformed cells. All cells were grown in medium (Bister et al., 1977) based on Ham's F-10 nutrient mixture (GibcoBRL, Vienna, Austria) supplemented with 10% (v/v) of a 2.95% (w/v) tryptose phosphate broth (Difco, Detroit, MI), 5% (v/v) newborn calf serum (GibcoBRL), 2% (v/v) heat-inactivated chicken serum (GibcoBRL), 2.5% (v/v) of a 7.5% (w/v) sodium bicarbonate solution (GibcoBRL), 1% (v/v) of a 1006 antibiotic-antimycotic mixture (GibcoBRL) and 0.5% (v/v) dimethylsulfoxide. Cell cultures were maintained at 378C (the non-permissive temperature for tsLA29-transformed ®broblasts was 40.58C) in an atmosphere containing 5% carbon dioxide. One day before RNA extraction, media were replaced on all cultures. At the time of extraction, numbers of cells grown on parallel dishes were determined by counting trypsinized cells in a Coulter Counter.
RNA isolation
Cells grown to about 80% con¯uency (unless otherwise stated) were rinsed at room temperature with a buer containing 25 mM Tris-HCl (pH 7.4), 150 mM sodium chloride, 5 mM potassium chloride and 5 mM glucose, and then lysed with 0.8 ml per 1610 7 cells of a buer containing 25 mM sodium acetate (pH 6.0), 4 M guanidine thiocyanate and 0.835% (v/v) b-mercaptoethanol (Weiskirchen and . The lysate was adjusted to 8 ml with lysis buer, homogenized by pressing it repeatedly through a 22 g-needle, layered onto a 4 ml cushion of a solution containing 25 mM sodium acetate (pH 6.0) and 5.7 M cesium chloride, and then centrifuged for 21 h at 218C and 25 000 r.p.m. in a Beckman SW41 rotor. The RNA pellet was resuspended in water, precipitated with ethanol in the presence of 300 mM sodium acetate (pH 6.0), resuspended in water at a concentration of 10 ± 15 mg/ml and stored at 7808C. Poly(A) + RNA was selected by binding to oligo(dT)-cellulose type 2 (Collaborative Biomedical Prod., Bedford, MA) as described .
Dierential display
Dierential display was performed essentially as described by Liang and Pardee (1992) . The DNA Thermal Cycler 480 (Perkin-Elmer, Norwalk, CT) was used for reverse transcription reactions and PCR. Oligonucleotides were synthesized on a Oligo-1000 DNA Synthesizer (Beckman, Palo Alto, CA).
For reverse transcription, a 19-ml reaction mixture containing 100 ng poly(A) + RNA from secondary QEF or from Q8 cells, 50 mM Tris-HCl (pH 8.4), 75 mM potassium chloride, 3 mM magnesium chloride, 10 mM DTT, 20 mM each of dGTP, dATP, dTTP and dCTP (Pharmacia Biotech, Vienna, Austria) and 1 mM of either 5'-T 12 MG-3', 5'-T 12 MA-3', 5'-T 12 MT-3', or 5'-T 12 MC-3' oligonucleotide (where the M position is threefold degenerate for G, A and C) was incubated in a 0.5-ml tube at 658C for 5 min, then at 428C for 10 min. M-MLV reverse transcriptase (GibcoBRL) was added (200 U in 1 ml) and the incubation was continued at 428C for 50 min, followed by a denaturation step at 958C for 5 min. The PCR was carried out in 20 ml of a solution containing a 2-ml aliquot of the reverse transcription reaction mixture, 10 mM Tris-HCl (pH 8.4), 50 mM potassium chloride, 1.5 mM magnesium chloride, 10 mg/ml gelatin, 5 mCi [ 35 S]dATPaS (600 Ci/mmol; Amersham, Vienna, Austria), 2 mM each of dGTP, dATP, dTTP and dCTP, 1 mM of the corresponding 5'-T 12 MN-3' oligonucleotide primer, 0.5 mM arbitrary 10-mer primer (5'-AGCCAGCGAA-3', 5'-CGATCTTCAG-3', 5'-GCTGTTATGC-3', 5'-GATCG-CATTG-3', 5'-GTACATTCCG-3' or 5'-CAAGGATCTC-3') and 1 U of Taq DNA polymerase (Amersham). The enzyme diluted to 1 U/ml in a buer containing 20 mM Tris-HCl (pH 8.0), 100 mM potassium chloride, 0.1 mM EDTA, 1 mM DTT, 50% (v/v) glycerol, 0.5% (v/v) NP-40, 0.5% (v/v) Tween 20 was added during a ®rst single denaturation step at 958C for 2 min. DNA ampli®cation was then performed in 40 reaction cycles (948C for 30 s, 428C for 2 min, 728C for 30 s), followed by a ®nal incubation step at 728C for 10 min. After addition of formamide and bromphenol blue to ®nal concentrations of 34% (v/v) and 0.03% (w/v), respectively, PCR products were denatured at 958C for 2 min and then separated by electrophoresis on 6% (w/v)-polyacrylamide sequencing gels for 3 h at 60 W. The gels were washed in water, dried on 3-MM Whatman paper and exposed to Kodak X-OMAT AR ®lm for 24 to 48 h at room temperature.
For the recovery and reampli®cation of DNA fragments from dierential display gels, slices of the dried gel were cut out, rehydrated in 110 ml of water for 15 min, and then boiled for 30 min. After centrifugation for 1 min, DNA in the supernatant was precipitated with four volumes of ethanol in the presence of 6 mg of glycogen and 300 mM sodium acetate (pH 5.2). The pellet was washed with 85% (v/v) ethanol and resuspended in 10 ml of water. A 4-ml aliquot of the DNA solution was used for reampli®cation by PCR in a 40-ml reaction mixture using the corresponding primers and the conditions described above, except that dNTP concentrations were 20 mM, no radioisotope was added, and 2 U of Taq DNA polymerase were used. A 5 ml sample of the reaction mixture was analysed by electrophoresis on a 1.5% (w/v)-agarose gel. DNA in the remaining sample was precipitated with ethanol as described above and either directly labeled for use as hybridization probe or cloned in the pGEM-T vector (Promega, Madison, WI).
Northern analysis
For Northern analysis Weiskirchen et al., 1995; , 30 mg of total cellular RNAs were separated by electrophoresis for 6.5 h at 65 V in 1% (w/v)-agarose/ 2.2 M-formaldehyde gels in a buer containing 20 mM 3-(N-morpholino)propanesulfonic acid (pH 7.0), 5 mM sodium acetate and 1 mM EDTA. RNAs were transferred to Hybond-N nylon membranes (Amersham) in 106 SSC (16SSC is 150 mM sodium chloride, 15 mM sodium citrate) and immobilized by heating for 2 h at 808C.
32 Plabeled probes were prepared with the Multiprime DNA labeling system (Amersham) and hybridizations were carried out at 378C for 12 ± 16 h in a buer containing 50% (v/v) formamide, 66SSC, 56Denhardt's solution [0.1% (w/v) Ficoll 400, 0.1% (w/v) bovine serum albumin, 0.1% (w/v) polyvinylpyrrolidone], 5 mM EDTA, 0.5% (w/ v) SDS and 100 mg/ml sheared, denatured salmon sperm DNA. Filters were washed once at 558C for 20 min in a solution containing 26SSC, 1 mM EDTA and 0.1% (w/v) SDS, then twice at 508C for 20 min in a solution containing 0.46SSC, 1 mM EDTA and 0.1% (w/v) SDS. Autoradiographs were exposed to Kodak X-OMAT AR ®lm at 7808C using an intensifying screen. Before rehybridization with a dierent probe, ®lters were incubated for 1 h each at 658C and 708C in a buer containing 5 mM Tris-HCl (pH 8.0), 0.16Denhardt's solution and 2 mM EDTA.
The following hybridization probes were used: the reampli®ed 742-bp CO6 PCR fragment isolated in the dierential display analysis; the SphI/StuI subfragment of the CO6/g cDNA clone (see below); the 1213-bp EcoRI insert fragment of a quail GAPDH cDNA clone ; and the 1171-bp EcoRI insert fragment of a quail osteopontin cDNA clone (MH and KB, unpublished data).
cDNA cloning and nucleotide sequence analysis 32 P-labeled DNA (speci®c activity: 2.3610 9 c.p.m./mg) from the 416-bp SphI/StuI subfragment of the 742-bp CO6 PCR fragment cloned in pGEM-T was used as a hybridization probe to screen a QEF lgt10 cDNA library . Duplicate lifts from approximately 5610 5 plaques were hybridized with the 32 P-labeled probe (3.5610 7 c.p.m.) under the same conditions as described above for Northern analysis. Phages from ®ve out of 110 positive plaques were puri®ed as described (Sambrook et al., 1989) . The EcoRI DNA insert fragments of these phage clones were subcloned into the plasmid vector pUC19 resulting in clones CO6/c-g. Nucleotide sequence analysis of cloned cDNAs was performed by the dideoxynucleotide chain termination method (Sanger et al., 1977) using the T7 and Deaza G/A T7 sequencing kits (Pharmacia Biotech). Sequence interpretation was done with the PC/Gene software package (Oxford Molecular, Oxford, UK).
